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Abstract 
 

The objective of this study was to investigate 
the occurrence of apoptosis in the ovaries of cattle and 
buffalo fetuses between 4 and 8 months old by the 
terminal deoxynucleotidyltransferase-mediated dUTP 
nick end labeling (TUNEL) assay. Histological analysis 
of the ovarian tissue showed that apoptosis occurred at 
all ages evaluated, presenting a similar pattern among 
different fetal stages in both species. Within species, 
secondary follicles displayed a higher (P < 0.05) mean 
number of apoptotic follicular cells than primordial 
or primary follicles in cattle. In buffalo there was a 
similar number (P > 0.05) of apoptotic follicular cells 
among the three follicular classes compared. 
Comparing results between species, secondary 
follicles had a higher (P < 0.05) mean number of 
TUNEL positive cells in bovine fetuses; however, this 
difference was proportional to the larger number of 
follicular cells present in secondary follicles in this 
species. In summary, the TUNEL method was effective 
for the detection of apoptosis in the supporting cells of 
ovarian follicles from bovine and buffalo fetuses with 
apoptosis occurring at similar rates in both species 
between 4 and 8 months of gestational age. Further 
studies are needed to better understand the dynamics of 
apoptosis as a regulator of follicular atresia in fetal 
ovaries from these species, as well as the potential 
involvement of the oocyte in this process.  
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Introduction 
 

During the early stages of embryonic 
development in mammalian species, germ cells migrate 
from the yolk sac to the mesoderm-derived 
undifferentiated gonad. In the female fetus, these cells 
then differentiate into oogonia, proliferate by mitosis 
and enter the process of meiosis (Baker, 1963). At this 
point, the first and largest wave of germ cell death can 
be identified. The surviving oocytes can then progress 
to the dictyotene stage of prophase I, when meiosis is 
arrested until around the time of ovulation later in life 
(Hirshifield, 1991). 

Apoptosis is an organized process of cell death 
involved in the homeostasis of many tissues and organs, 
including the ovary, where it participates in oocyte and 
follicular development (Hughes and Gorospe, 1991; 
Tilly et al., 1991; Vinatier and Dufour, 1996). Indeed, 
apoptosis plays an important role in the establishment of 
the adult complement of oocytes, affecting about 80% 
of human fetus germ cells, which fall from 7 x 106 
oogonia at the beginning of pregnancy to 1 x 106 and 
3 x 105 oocytes by birth and puberty, respectively 
(Levy, 2005). Waves of oocyte degeneration via 
apoptosis have been shown to occur mostly at the 
preleptotene and pachytene stages of the first meiotic 
division, as well as during the periods of primordial 
follicle development (Coucouvanis et al., 1993; Pesce 
and De Felici, 1994; De Pol et al., 1997, 1998).  

In cattle, approximately two million oogonia 
can be identified at the mitotic stage during fetal life. 
However, similarly to humans, around 90% of this 
population is lost with only about 200,000 primordial 
follicles remaining at birth (Beckers et al., 1996). 
Moreover, surges of germ cell degeneration have been 
described in the fetal ovaries of both cattle and buffalo 
during the 4th, 6th, and 10th month of pregnancy 
(Erickson, 1966; El-Ghannam and El-Naggar, 1974, 
1975). Interestingly, the ovaries of adult buffalo contain 
relatively fewer primordial follicles (10,000 to 19,000) 
as compared to cattle (∼150,000), which also translates 
to a lesser number of antral follicles and a higher 
incidence of atresia (∼92-95 vs. 70% atresia for buffalo 
and cattle, respectively; Grimes et al., 1987; Kumar et 
al., 1997; Palta and Chauhan, 1998; Feranil et al., 
2005). The potential physiological reason for the 
increased incidence of follicular atresia in the ovaries of 
buffalo as compared to cattle is not known. 
Furthermore, while this could relate to the different 
rates of germ cell apoptosis during fetal life between the 
two species, this has not been directly investigated.  

Since apoptosis is characterized by an 
organized process that includes membrane blebbing, the 
activation of caspases, and DNA fragmentation, specific 
tests can be used to detect this process (Vinatier and 
Dufour, 1996). Hence, the assessment of germ cell and 
follicular apoptosis has been performed using the 
terminal deoxynucleotidyltransferase-mediated dUTP 
nick end labeling (TUNEL) assay in fetal ovaries from
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humans and sheep, as well as in adult ovaries from 
buffalo (Abir et al.,  2002; Fulton et al., 2005; Aladaer 
et al., 2008; Sreejalekshmi et al., 2011). Notably, 
experiments in buffalo showed that in primary and 
secondary follicles, apoptosis started at the level of the 
oocyte, whereas in tertiary follicles the process began at 
the level of the granulosa cells (Sreejalekshmi et al., 
2011). However, there are no reports correlating the 
occurrence of apoptosis with the waves of degeneration 
observed during follicular development in the fetal ovaries 
of cattle or buffalo. Therefore, the aim of this study was to 
evaluate the occurrence of apoptosis by means of the 
TUNEL assay in fetal ovaries from these species. 
 

Materials and Methods 
 
Collection of ovaries  
 

Ovaries were collected from each of nine bovine 
and buffalo fetuses at each of 4, 5, 7, and 8 months of age. 
Age was stimated by measurements of the crown-rump 
length (Abdel-Raouf and El-Naggar, 1968; Evans and 
Sack, 1973). 

Whole ovaries were immediately fixed in 10% 
paraformaldehyde for 24 h prior to processing. 

 
Histological processing and TUNEL 
 

Only one ovary (right or left, chosen randomly) 
from each animal was used for analysis in this study. 
After fixation, the ovaries were processed for classical 
histology. Sections of 7 μm were processed for TUNEL 
(TACS XL-BASIC ®, R & D Systems, Minneapolis, 
MN, USA) according to the manufacturer's instructions. 
Slides were then stained with hematoxylin (Vetec, Rio 
de Janeiro, Brazil) and eosin (Labsynth, São Paulo, 
Brazil) or Methyl green (67060- Fluka, Sigma-Aldrich, 
São Paulo, Brazil) and examined under light microscopy 
(Olympus CH 30, Melville, NY, USA). 

Apoptosis was subjectively scored as densely

present (+++), moderately present (++), rarely present 
(+), or absent (−) as previously described (Feranil et al., 
2005) by an experienced researcher blinded to slide 
origin, and then classified by age group within species. 
In addition, the number of TUNEL positive cells was 
counted for each follicular class (i.e. primordial, 
primary, and secondary). Follicles were classified 
according to the criteria listed in the Nomina 
Histologica (International Committee on Veterinary 
Histological Nomenclature, 1994).  
 
Statistical analyses 
 

Means (±SEM) for the degree of apoptosis in 
buffalo and cattle ovaries at different stages of 
development and average number of TUNEL positive 
cells at each stage of follicular development were 
compared by analysis of variance (ANOVA) using the 
BioEstat 5.0 software (IDSM, MCT, CNPq, Belém, 
Pará, Brazil; Ayres et al., 2007) and differences were 
considered significant at a P < 0.05. When significant 
differences were detected, the Tukey´s test was 
applied.  

 
Results 

 
Histological analysis of the ovarian tissue from 

cattle and buffalo fetuses showed that apoptosis 
occurred at all evaluated ages, presenting a similar 
pattern among different fetal ages. There was an 
apparent decrease in the amount of TUNEL stained 
tissue in 8-month-old buffalo fetuses only (Table 1). 
When comparing the number of follicular cells positive 
for the TUNEL assay among the different follicle types 
within species, bovine primordial and primary follicles 
presented a similar number (P > 0.05), while secondary 
follicles displayed a higher (P < 0.05) mean number of 
apoptotic follicular cells. In buffalo there was a similar 
number (P > 0.05) of apoptotic follicular cells among 
the three follicular classes compared (Table 2). 

 
Table 1. Average degree of apoptosis as assessed by the TUNEL assay in the ovaries of cattle and buffalo at 
different stages of fetal life. 

Fetal age Cattle Buffalo 
4 months ++ 

(n = 2) 
++ 

(n = 3) 
   
5 months ++ 

(n = 3) 
++ 

(n = 2) 
   
7 months ++ 

(n = 2) 
++ 

(n = 2) 
   
8 months ++ 

(n = 2) 
+ 

(n = 2) 
n = number of fetuses. Degree of apoptosis: +++ densely present; ++ moderately present; + rarely present; − absent. 
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When comparing the number of apoptotic 
cells in the different follicle types between species, 
secondary follicles had a higher (P < 0.05) mean 
number of TUNEL positive cells in bovine fetuses. 
However, that difference was proportional to the 

larger number of follicular cells present in 
secondary follicles in this species (Table 2). 
Notably, apoptosis as assessed by TUNEL was only 
detected in follicular cells, but never within oocytes 
(Fig. 1 and 2). 

 
 
Table 2. Mean (±SEM) number of apoptotic follicular cells in an equatorial section of fetal bovine and buffalo 
ovaries. 

 Primordial follicle Primary follicle Secondary follicle 
 
Cattle  

0.5 ± 1.0a 

n = 182 
(7.5%) 

0.5 ± 0.8a 

n = 124 
(3.4%) 

1.5 ± 1.8b,A 

n = 161 
(2.2%) 

    
 
Buffalo 

0.5 ± 0.9a 

n = 198 
(7.1%) 

0.4 ± 0.7a 

n = 169 
(3.3%) 

0.5 ± 0.9a,B 

n = 43 
(1.7%) 

n = number of follicles analyzed. ( ) Percentage in relation to the total number of follicular cells. a,bDifferent 
lowercase superscripts within a row indicate significant differences (P < 0.01). A,BDifferent uppercase superscripts 
within a column indicate significant differences (P < 0.01). 
 

 

Figure 1. Ovarian sections from buffalo fetuses of different gestational ages showing cells 
undergoing apoptosis as assessed by TUNEL. (A) Primordial follicles, 4 months, 
400X; (B) Primordial follicles, 5 months, 100X; (C) Primordial and primary follicles, 7 
months, 100X; (D) Primary follicles, 8 months, 100X. (A,B) Hematoxylin and eosin; 
(C,D) Methyl Green. 

 
When comparing the mean number of 

apoptotic follicular cells among different follicle types 
and fetal ages within species, the highest average 
number of TUNEL positive cells was observed at 8 
months for primordial and secondary follicles in cattle. 
For primary follicles, results were similar and relatively 
low across all fetal ages (Table 3). In buffalo, the 

number of apoptotic cells was similar for both 
primordial and secondary follicles from 4 to 7 months 
of age. Conversely, primary follicles showed a higher 
mean number of apoptotic follicular cells at 5 and 7 
months of fetal age. Interestingly, at 8 months of fetal 
age follicular apoptotic cells were only observed in 
antral follicles (data not shown). 

A B 

D C 
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Figure 2. Ovarian sections from bovine fetuses of different gestational ages showing 
cells undergoing apoptosis.  (A) 4 months, 40X; (B) 5 months, 40X; (C) 7 months, 
40X; (D) 8 months, 100X. (A,B,D) Methyl Green; (C) Hematoxylin and eosin. 

 
Table 3. Mean (±SEM) number of follicular cells undergoing apoptosis as assessed by TUNEL in primordial, 
primary and secondary follicles when evaluating the equatorial section of ovaries from cattle and buffalo fetuses of 
different gestational ages. 

  Gestational age 
  4 months 5 months 7 months 8 months 
  

Primordial 
0.1 ± 0.4a 

(0-1) 

n = 28 

0.6 ± 0.9a 
(0-3) 

n = 65 

0.2 ± 0.6a 
(0-3) 

n = 63 

1.8 ± 1.2b 
(0-4) 

n = 26 
      
 
Cattle 

 
Primary 

0.3 ± 0.5a 
(0-1) 

n = 10 

0.7 ± 0.9a 
(0-3) 

n = 45 

0.2 ± 0.6a 
(0-3) 

n = 57 

1.2 ± 1.0a 
(0-3) 

n = 12 
      
  

Secondary 
0.3 ± 0.5a 

(0-1) 
n = 9 

1.6 ± 2.5b 

(0-10) 
n = 118 

1.5 ± 1.3b 

(0-6) 
n = 26 

2.9 ± 1.8b 

(1-6) 
n = 8 

      
  

Primordial 
0.3 ± 0.5a 

(0-2) 
n = 47 

0.5 ± 0.8a 

(0-3) 
n = 52 

0.3 ± 0.5a 

(0-2) 
n = 64 

0b 

 
n = 35 

       
 
Buffalo 

 
Primary 

0.3 ± 0.6a 
(0-3) 

n = 63 

0.8 ± 0.6b 

(0-2) 
n = 33 

0.7 ± 1.1b 
(0-5) 

n = 59 

0c 
 

n = 14 
      
  

Secondary 
0.8 ± 1.6a 

(0-5) 
n = 10 

1.0 ± 1.4a 

(0-2) 
n = 8 

0.9 ± 1.0a 

(0-2) 
n = 15 

0b 

 
n = 10 

n = number of follicles analyzed. ( ) range of apoptotic follicular cells. a,bDifferent superscripts within a row indicate 
significant differences (P ≤ 0.05). 

A B 

D C 
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Discussion 
 

To our knowledge, this is the first study 
showing the apoptosis signals in ovarian development 
during fetal life in both cattle and buffalo. One hallmark 
of apoptosis is the presence of a typical intranuclear 
DNA fragmentation (Hughes and Gorospe, 1991) with 
the TUNEL assay providing a means to identify such 
changes within mammalian ovaries (De Pol et al., 1997; 
Abir et al., 2002). Therefore, the fact that follicular cells 
were marked by the TUNEL assay in this study is 
consistent with other reports describing waves of 
apoptosis in the establishment of the ovarian follicular 
population (Coucouvanis et al., 1993; De Pol et al., 
1997; McGee et al., 1998; Abir et al., 2002; Levy, 
2005; Aladaer et al., 2008). Moreover, apoptosis 
occurred in all follicle classes analyzed, suggesting a 
physiological rather than a random event in ovarian 
follicle development. Similarly, previous reports have 
described DNA fragmentation within granulosa and 
theca interna cells of both pre- and post-ovulatory 
follicles in adult rat, bovine, rabbit and pig ovaries (Joly 
et al., 1994; Palumbo and Yeh, 1994; Zheng et al., 
1994; Guthrie et al., 1995; Nicosia et al., 1995).  

Interestingly, TUNEL-stained follicular cells 
were observed in the ovaries of all fetal ages tested in 
this study. This disagrees with previous reports 
suggesting the occurrence of surges of follicular 
degeneration at the 4th month and then again at the 6th 
and 10th months of gestational age in ovaries of buffalo 
fetuses (El-Ghannam and El-Naggar, 1974, 1975). 
Indeed, in our study, apoptosis occurred most intensely 
in primordial and primary follicles at 5 and 8 months, 
and secondary follicles at 5, 7, and 8 months for cattle, 
as well as in primordial and primary follicles at 5 
months, primary follicles at 7 months, and secondary 
follicles at 4, 5, and 7 months of fetal age in buffalo 
ovaries. In essence, these data are consistent with 
apoptosis occurring throughout fetal life rather than in 
surges, which is in agreement with findings in fetal 
sheep ovaries, where apoptosis was observed 
throughout between 37 and 99 days of gestational age, 
with the highest rate occurring between 58 and 73 days 
(Aladaer et al., 2008). 

Notably, the fact that this study identified 
apoptosis within the supporting cells of all follicular 
stages is in agreement with what was previously 
reported in adult ovaries at different stages of the 
estrous cycle for the same two species (Feranil et al., 
2005), suggesting that this is not a phenomenon 
restricted to a given follicular stage. Conversely, other 
studies identified TUNEL-positive cells only in atretic 
tertiary follicles of adult cattle and buffalo ovaries, with 
no apoptosis present in granulosa or theca interna cells 
of apparently healthy follicles (Yang and 
Rajamahendran, 2000; D’Haeseleer et al., 2005; 
Sreejalekshmi et al., 2011). The different conclusions 
among different studies might be the result of different 

sampling methods, although it seems unlikely that 
apoptosis would be restricted to one follicular stage. In 
addition, differences in the incidence and distribution of 
apoptosis in follicular cells might be due to the 
hypothesized role that programmed cell death plays in 
fetal versus adult tissues. That is, apoptosis during fetal 
development likely plays an important role in cellular 
"quality control" in order to eliminate cells with meiotic 
anomalies and cells failing to produce survival factors, 
hence controlling ovarian homeostasis (Monniaux, 
2002). Conversely, apoptosis in adult tissues might be 
the result of normal follicular atresia or degeneration 
during the estrous cycle.  

Interestingly, as in a previous reports (Ghafari 
et al., 2007), we were unable to detect apoptosis within 
oocytes, thus confirming that the TUNEL assay is not a 
good marker of apoptosis in these cells. Ovaries from 
human fetuses evaluated by TUNEL and 
immunohistochemistry against Bcl-2, a factor upstream 
in the apoptotic pathway, revealed no conclusive 
evidence that apoptosis was responsible for the 
extensive loss of oogonia and oocytes from mid-
pregnancy until birth. Speculation that the decline in the 
number of germ cells is a consequence of the delicate 
dynamics of meiotic events, necrosis or other processes 
of cell death suggests the need for further studies 
addressing the mechanisms that regulate germ cell 
atresia in fetal ovaries (Abir et al., 2002) 

In summary, the TUNEL method was effective 
in this study for the detection of apoptosis in the 
supporting cells of ovarian follicles from bovine and 
buffalo fetuses. The data presented are consistent with 
apoptosis occurring at similar rates in both species, 
between 4 and 8 months of age. Further studies are 
needed to better understand the dynamics of apoptosis 
as a regulator of follicular atresia in fetal ovaries from 
these species, as well as the potential involvement of the 
oocyte in this process.  
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